Introduction
In several models of infection, B cells have been shown to influence the development and maintenance of CD4+ and CD8+ T cell functions; this suggests that B lymphocytes have regulatory functions, some of which may be dependent on cytokine production (1) (2) (3) (4) (5) . Recently, it was demonstrated that B cells have the potential to differentiate into two distinct effector cell populations (Be1 and Be2) that produce interferon-(IFN-) and IL-4, respectively (6) . This suggests that the T helper (Th)1-Th2 paradigm may also apply to B cells. Cross-regulation may exist between Be1/Be2 cells and Th1/Th2 cells (6) . However, the signals required for Th1/2-like commitment of B cells are unclear. Interleukin-12 (IL-12), a critical immunoregulatory cytokine that promotes Th1 commitment, may play a significant role in Be1 differentiation. B cells express IL-12 receptor (IL-12R) mRNA (7) . acts in synergy with IL-18 to induce IFN-secretion by these cells (7, 8) . However, the signaling pathways triggered by IL-12 are poorly known in B cells (7) (8) (9) .
Here, we examined IL-12R expression and investigated the IL- 12 Cytokines were used at the concentration of 100 ng/ml. Cells were also activated for 24 h with 10 µg/ml anti-CD40 (Diaclone, Besançon, France). RNA was extracted by using the Chomoczinsky method, as modified in the RNAble kit (Eurobio, les Ulis, France). RNA was resuspended in 10 µl of diethyl pyrocarbonate (DEPC)-treated For personal use only. on . by guest www.bloodjournal.org From water and stored at -80°C until use. CDNAs were obtained by using random hexamers and avian myeloblastosis virus reverse transcriptase (First Strand cDNA Synthesis Kit, Roche Diagnostics, Meylan, France). RT-PCR controls containing no RNA, and others containing RNA but no reverse transcriptase, were always used and were always negative.
Quantitative PCR. IL-12R 1, IL-12R 2, T-bet, IFN-and GAPDH cDNA levels were determined by using Light Cycler-based kinetic quantitative PCR (Roche Diagnostics, Meylan, France). IL-12R 1, IL-12R 2, T-bet and GAPDH PCR products were detected by using FastStart DNA Master hybridization probes (Roche Diagnostics).
The IFN-PCR product was detected by using FastStart DNA Master SYBR Green I (Roche Diagnostics). An external DNA scale was used to quantify cDNA (10) (11) (12) (13) . To correct for variations in RNA recovery and the reverse transcription yield, the amounts of IL-12R subunit, T-bet and IFN-cDNA were divided by the amount of GAPDH (10) (11) (12) (13) . Results were expressed as -fold increases of normalized values (10, 11) , over the level observed with untreated cells (for IL-12R subunit and T-bet) or over the value obtained at the 1 h time-point (for IFN-, as B cells did not express detectable IFN-at rest).
PCR. PCR was run in 50 µl of amplification buffer (Gibco BRL) containing 1 µl of For personal use only. on . by guest www.bloodjournal.org From 6 cDNA, 0.25 mM each primer and 1 U of Taq Platinum (Gibco BRL).
Primers and probes. The IL-12R 1, IL-12R 2 and GAPDH primers have been described elsewhere (10, 11) . The following primers and probes were used:
T-bet 5'primer: CTAAAGCTCACAAACAACAAGG and (Fig. 3, panels B and C, respectively) . IL-12/IL-12R complex internalization was significantly inhibited at 4°C in both non preactivated (Fig. 3, panel D) and IFN--preactivated B cells (not shown), although IL-12 still bound to its cell surface receptor (Fig. 3, panel D) . (Fig. 4B) . While IL-18 alone had no significant effect on IFNproduction, it potentiated that triggered by IL-12 (Fig. 4C) . Similar results were obtained with purified primary T cells (Fig. 4D) As shown in Fig. 5 , B cells spontaneously expressed IL-12 p35 but not IL-12 p40 (Fig. 5A) . IL-12 induced IL-12 p40 mRNA expression by B cells (Fig. 5A) . In contrast, (Fig. 6Bb) . The B cell line RPMI 8866 constitutively secretes high levels of IL-12 (15) and expresses IL-12R. We therefore also examined STAT4 activation in these cells.
Effect of endogenous IFN-on T-bet expression: Purified primary B cells (2 x
As shown in Fig. 6Ca, STAT4 was present in the nucleus of these cells, indicating constitutive activation. In contrast, following treatment with a neutralizing anti-IL-12 antibody, STAT4 nuclear content fell markedly (Fig. 6Cb) . 
was found in primary B cells. IFN-induced a rapid increase in T-bet reaching a plateau between 6 and 24 h after activation (Fig.7B) . In contrast, T-bet expression, in response to IL-12, started to increase significantly only after 48 h and was inhibited by neutralizing anti-IFN- (Fig. 7B) . This indicated an indirect effect of IL-12, via IFN-, on T-bet induction. Similar IFN--dependent T-bet expression was observed following B-cell treatment with the combination of IL-12+IL -18 for 48 h (Fig. 7C) . Tbet expression was higher than with IL-12 alone, as IL-18 potentiates IFNproduction in response to IL-12 (see Fig. 4C , 7B and 7C). As T-bet expression is STAT1-dependent (17, 18), we examined whether IL-12 affected STAT1 activation in primary B cells. As shown in Fig. 7D , B cells constitutively expressed STAT1. No detectable pSTAT1 was found in untreated cells (Fig. 7D ). Significant tyrosine phosphorylation of STAT1 was found after cell treatment with IFN-for 15 min or 45 min (Fig. 7D) . In contrast, IL-12 had no detectable effect on STAT1 tyrosine phosphorylation.
For
20
As IFN-upregulated T-bet expression in primary B cells, we also examined whether IFN-influenced its own expression. As shown in Fig. 8A, IFN- Western blotting was performed on whole-cell lysates by using anti-phospho-STAT1.
Membranes were reprobed with anti-STAT1.
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